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still considered to hold for each molecular species in the solution. By an application of the law of mass action, Dolezalek has utilized this method in studying a number of systems which have been investigated. He has succeeded in obtaining calculated values which agree satisfactorily with the measured values. In many cases, the requirements of the method are in accordance with the general characteristics and behavior of the substances. In other cases, however, the interpretations require chemical reactions or associations which are at variance with the commonly accepted nature of the constituents. For example, pairs of liquids which by all commonly recognized tests are normal, i.e., non-associated, often have vapor-pressures in excess of those required by Raoult's law. According to Dolezalek, one of these liquids would have to be considered to be associated in the solution. In many cases, the degree of association indicated by the calculation is so great as to assign the substance definitely to the class of associated liquids. Such pairs of liquids are represented by bromine and carbon tetrachloride, carbon disulphide and methylol, benzene and hexane, and benzene and ether. The pair of normal liquids, hexane and aniline, have been found by Hildebrand and Keyes to deviate from Raoult's law to the extent of forming two phases at temperatures below 59.3"C.1 An explanation of this behavior on the basis of association of the constituents, so that Raoult's law is applicable, is difficult to conceive.
The second method of explaining deviations from Raoult's law, is that suggested by van der Waals,2 and adopted by van Laar3 and Kohnstamm.4 This theory relates the deviations from the law of Raoult to the constants of a modified van der Waals' equation, which is applicable to pairs of completely miscible liquids. The possible types of vapor-pressure curves are also predicted from the properties of the equation. For example, van Laar shows that we should expect a deviation from Raoult's law in the case of normal liquids, if then* critical pressures are different. The method of van der Waals fails when one of the constituents is associated. Although the critical pressures may be practically the same, deviations from Raoult's law to the extent of the formation of two liquid layers may occur.
Raoult's law has a very simple kinetic basis. If the vapor of a binary mixture follows the gas law, and if the solutions have a practically constant thermodynamic environment, it is a natural conclusion that since only a fraction of the total number of molecules is that of one constituent, the partial pressure of that constituent should be less than the vapor-pressure of the pure substance. Since the fraction of the total number of molecules is expressed by the mole fraction of the constituent, it is to be expected that the partial pressure should be the same fraction of the vapor-pressure of the substance at the same temperature. Deviations from Raoult's law have their kinetic basis in a lack of constancy of the thermodynamic environment. According to Hildebrand,5 the most satisfactory criterion for constancy of thermodynamic environment is equality of internal pressures. The conception of internal pressure has been employed frequently for other purposes, and several methods have been devised for evaluating it for different liquids. Although the actual values yielded by the different methods differ quite considerably the relative values show satisfactory agreement.
Internal pressure is the force which, together with external pressure, counteracts the thermal pressure caused by the kinetic energy of the molecules of a liquid. The tendency of molecules to escape from a solution would seem to be closely related to this property, internal pressure. For normal liquids with approximately equal internal pressures, Hildebrand finds that the observed partial pressures agree satisf ac-
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